Background: Given that fluoroscopic procedures have been more commonly used, many radiation-induced complications following these radiological interventional procedures should be given attention. However, there are few studies related to radiation-induced ulcers in Korea. Thus, this study aimed to present several cases of radiation-induced ulcers and to investigate the characteristics of radiation-induced ulcers. Methods: A retrospective review was performed on the maintained databases at our institution. All patients who visited for radiation-induced ulcer treatment between 2010 and 2015 were included in the analysis. We reviewed medical charts and operative data, including patient demographics, photographs, surgical techniques, and postoperative outcomes. Results: In total, five patients with radiation-induced back ulcers were included and they underwent intravenous antibiotic treatment, conservative dressing therapy, and surgical procedures (e.g., surgical debridement, split-thickness skin graft, and local flap). At a mean follow-up of 11 months, all lesions in the patients healed completely without any recurrence. Conclusion: Radiation-induced back ulcers are easily overlooked. Thus, accurate assessment and multidisciplinary approaches for treatment of such injuries are crucial.
Introduction
Fluoroscopic interventions include many diagnostic studies and therapeutic interventions, such as cardiac angioplasty, coronary stent insertion, and hepatic radiofrequency ablation [1] . Both the radiologists and the patients are exposed to high doses of radiation during interventional procedures. However, many radiologists have focused only on protecting the staff, which are constantly exposed to cumulative radiation [2] . Unfortunately, many physicians are not aware of the skin injuries associated with these procedures that can occur to patients. Therefore, skin lesions associated with fluoroscopic procedures are thought to be underreported [3] . This problem requires attention, especially now that fluoroscopic interventions are frequently performed [3, 4] . There are several studies that have reported the skin injuries following fluoroscopic procedures. Wagner et al. and Dandurand et al. warned of the risk of radiationinduced ulcers that developed after radiological interventions [5, 6] . In addition, Stone et al. demonstrated a histopathologic analysis of skin injuries from fluoroscopy [7] . However, to our knowledge, there are few studies related to radiation-induced ulcer in Korea. Thus, we aimed to present several cases of radiation-induced ulcers in our clinics, and to investigate the characteristics of radiation-induced ulcers.
https://doi.org/10.22467/jwmr.2018.00493
Methods
Data from the maintained databases at our center were retrospectively reviewed. All the patients who visited for the treatment of radiation-induced ulcers between 2010 and 2015 were included in the analysis. We reviewed medical charts and operative data, including patient demographics, photographs, surgical techniques, and postoperative outcomes. If necessary, tissue cultures were taken during surgical debridement in the operating room, and microbiological analysis was performed. Based on the wound culture results, systemic antibiotics were used in cases where slough was not eliminated despite appropriate debridements. Postoperative complications, including hematoma, seroma, necrosis, and skin graft failure, were assessed. On discharge from the hospital, patients returned for regular follow-up appointments in the outpatient clinic. The follow-up appointments were scheduled with short intervals in the first 4 weeks after discharge. After wound healing was complete and if no complication was observed, further followup was conducted at 2, 6, and 12 months post-operation.
Results
In total, five patients were included in the analysis and administered intravenous antibiotic treatment; three patients underwent local flap and one patient underwent split-thickness skin graft. Also, one patient underwent both local flap and splitthickness skin graft, and the other underwent allogenic keratinocyte transplantation (Tables 1, 2 ). All the wounds were covered without incidence of severe complications, such as total flap necrosis or skin graft failure. Minor complications (wound dehiscence, partial flap necrosis) occurred in one patient, which healed after the split-thickness skin graft procedure. At a mean follow-up of 11 months, all patients were healed completely without any recurrence.
Case presentations

Case 1
A 71-year-old male patient was referred to our plastic surgery clinic from the department of dermatology for the treatment of a large, dirty ulcer on his back that had developed five months ago. The patient had a history of having undergone radiofrequency ablation and transarterial chemoembolization treatment for hepatocellular carcinoma eight months ago. With intravenous antibiotic treatment, he underwent a total of four surgical debridement procedure with local flaps in total ( Fig. 1 ).
Case 2
The patient was a 76-year-old man with a large, painful ulcer that had appeared on his back seven months ago. The size of the ulcer was 5 cm×4.5 cm. The patient had undergone radiofrequency ablation and radiotherapy treatment for hepatocellular carcinoma two years ago. His wound was treated with lumbar artery perforator pedicled V-Y advancement flap coverage with intravenous antibiotic treatment (Fig. 2) .
Case 3
A 55-year-old male patient was referred to our department from the department of dermatology for his back ulcer. The ulcer occurred a year ago and had been intractable to conventional dressing during the year. The size of the ulcer was 5 cm ×5 cm. The patient had a history of having undergone radiofrequency ablation and transarterial chemoembolization treatment for hepatocellular carcinoma 1.5 years ago. He underwent several surgical debridement procedures with local flap, along with intravenous antibiotic treatment. However, partial skin necrosis and wound dehiscence had occurred. After additional surgical debridement procedures, the wound was covered with a split-thickness skin graft (Fig. 3) .
Case 4
A 73-year-old woman presented with a 2-week history of a necrotic skin lesion on her back area. She underwent radiofrequency ablation 3 weeks ago as treatment for persistent atrial fibrillation. The size of the lesion was 4 cm×3 cm. She had undergone debridement procedures and allogenic keratinocyte transplantation, along with intravenous antibiotic treatment. At the 3-month follow-up visit, local recurrence of ulcer was not seen (Fig. 4) . 
Discussion
The use of fluoroscopic interventions is now increasing because these are less invasive than conventional procedures. Numerous less invasive fluoroscopically-guided procedures have provided great benefits with fewer complications for many patients [8] . Given that fluoroscopic procedures have been more commonly used, radiation-related complications should be paid attention to. Several reports warned of the risks related to radiation-related skin injuries following radiological interventions [5, 6] . However, there are few studies related to this in Korea. Radiation-related skin lesions are dose-dependent and tend to occur when the patient's skin is exposed to high doses of Xrays. The site with the highest risk is the skin area where the Xray beam penetrates the patient's body due to the relatively poor penetrability of X-rays. The concept of absorbed dose can be used to measure the amount of radiation to which the body tissue has been exposed. Radiation dose thresholds have been established for different skin changes, varying from erythema of the skin to deep ulcers [9, 10] . However, these threshold doses vary depending on patient susceptibilities and the radia- tion exposure site [7] . For example, Wagner et al. warned that patients with connective tissue disease and diabetes mellitus would be at an elevated risk of adverse skin complications [11] . There is not much difference in treatment from other ulcers, despite the complex pathophysiology of radiation-induced ulcers. A skin graft or a local musculocutaneous flap is used for the treatment of large, deep back ulcers [10, 12] . Barnea et al. suggested that surgery is the preferred option, as the ulcer lesion, even if not malignant, is intractable to conventional dressing treatment. When surgery is performed, the surgeon should include the surgical debridement of the ulcer lesion at healthy-looking margins and treatment with a skin graft or a local flap, in light of the knowledge that the healing process may be slower and more complex in radiation-exposed skin than in normal skin [12] .
Although ulcer diagnosis and treatment are important, prevention of ulcers takes priority. During cardiac and hepatic fluoroscopic procedures, radiation exposure can vary based on the anatomic location, and the maximum radiation dose is delivered to the ninth thoracic vertebra [13] . In addition, different regions of the body exhibit various grades of radiosensitivity. For example, the back is more sensitive than the neck [14] . During cardiac and hepatic fluoroscopic procedures, the back receives the highest X-ray dose and is especially sensitive; thus, radiation-induced ulcers are more common on the back than other sites. Thus, every physician and radiologist should make an effort to reduce the fluoroscopic procedure time and to limit excessive exposure at each projection [15] . The single most important factor for radiation-induced ulcers is the exposure time at a single site. Physicians may reduce radiation-related skin injuries by undergoing training in the technical performance of procedures. Moreover, to reduce procedure time, the fluoroscopy time should be monitored to ensure the exposure time is kept to a minimum and within the standard limit of a fluoroscopic procedure [9] . Additionally, setting up a small irradiation target site to reduce the skin area exposed to radiation is important to prevent radiation-induced ulcers [16] .
For the primary care physicians with whom such patients have initially met, attention must be given to the history of radiation exposure for patients with chronic back ulcers. Radiation-induction ulcers tend to be painful, intractable with conventional dressings, and frequently occur on the back area. These clinical characteristics are key factors in making a diagnosis. Physicians are often uninterested in previous procedure history, and additional information must therefore be obtained from medical charts when a radiation-induced ulcer is clinically suspected [1] .
Patients who have undergone fluoroscopic procedures may be at an elevated risk of ulcer formation, because the previous radiation exposure has lowered their radiation threshold [10] . The skin conditions of patients exposed to chronic radiation should be checked regularly because radiation-induced skin damage can develop even years later [17] .
Informing the patient that delayed skin changes might occur will help them understand these adverse skin reactions and identify them if they occur. Much of the anxiety of a patient with back ulcers occurs due to the strange characteristics of radiation ulcers and the lack of medical personnel's full explanations [10] .
This study has limitations. The number of patients with radiation-induced ulcers might have been considerably underreported. When they came to our clinic, we did not know why the lesion had appeared if they did not notify us of previous radiation exposure. Therefore, the actual cases will be much higher in number than the current number of patients enrolled in our study. In addition, treatment of ulcer lesions is important for wound healing as well as long-term stability. The radiation-exposed skin might be susceptible to recurrence of the ulcer lesion even after wound healing occurs. However, all our patients, except for one, had been treated for hepatocellular carcinoma and undergone radiofrequency ablation and radiotherapy. They had difficulty making follow-up visits to the outpatient clinic owing to their poor general condition. Although their skin lesions healed, they died of terminal-stage cancer; thus, we could not take any clinical photographs at the long-term follow-up. Moreover, we could not analyze the long-term stability of the radiation-induced ulcer treatment. Thus, the long-term stability of radiation-induced ulcer treatment should be analyzed in further studies with a larger number of enrolled patients.
As fluoroscopic interventions are gaining more popularity due to being less invasive, more efforts are needed to reduce adverse skin reactions in patients who undergo such treatment. Lee et al. suggested that this necessitates multidisciplinary approaches to diagnose and treat patients, including interventional, dermatologic procedures, and plastic surgery [18] . We would like to emphasize that the present article is the first to demonstrate radiation-induced ulcers in Korea; and our findings may further help the study of radiation-induced ulcers and establish the importance of taking a multidisciplinary approach when caring for such patients.
Conclusion
Radiation-induced back ulcers are easily overlooked. Thus, accurate assessment and multidisplinary approaches for the treatment of such injuries are crucial.
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